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Multicritical behaviors and an induced twist grain boundary phase
in a binary liquid crystalline mixture
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We report here the composition-temperature phase diagram of a mixture betw&andn=16 terms of
a chiral tolans series shortly note&,BTFO;M-. This diagram constitutes an experimental illustration of one
of the three theoretical phase diagrams predicted by the Renn and Lubensky’s model. The pure compounds
n=9 and n=16 exhibit, respectively, the phase sequences Cry€3mSmA-TGB,—N*-BP-I and
Cry—SmC* —N* —BP—I, where TGB refers to a twist grain boundary phase. Phases identification and transi-
tion temperatures, at atmospheric pressure, have been determined by both optical microscopy and photothermal
methods. The experimental phase diagram shows the disappearancefof®int GB, mesophases and the
appearance of a TGBphase when the=16 composition increases. Four of the five multicritical points
theoretically anticipated by Renn and Lubensky are pointed out.

PACS numbg(s): 61.30-v, 64.70.Md, 07.60-j, 07.60.Dq

I. INTRODUCTION several multicritical points were displayed. The phase dia-
gram with only TGB, and TGRE: phases is presented in Fig.

In 1988, Renn and Lubensky proposed a theoretical struck. The multicritical points SmA-TGB,—N* [14,16,17,
ture of the twist grain boundai§f GB) phase$1]. They have ~Sm-C*-SmA-TGB, [4,14], SmC* -TGB:.-TGB, [6,24],
predicted three different TGB smectid®—4: TGB,, TGBc—TGBy—N* [6], and SmE* ~TGB:—N* [25], noted,
TGBc, and TGE. . Since the discovery of the TGBohase respectively, B1, BZ,.BB, L, and CEP have been observed i|_"|
by Goodbyet al.[5] in 1989 and the TGB phase by Nguyen (€mperature-composition phase diagrams at atmospheric
et al.[6] in 1992, there has been an increasing interest in thBr€SSUre. In pure compounds, apart from our publications

physics and chemistry of the TGB phases. Several attemp 6-28, nothing has been reported about these multicritical

have been made to predict the phase behavior on the basis %?mts at elevated pressure. No experimental temperature-

the studies of the relationship between physical propertiegOmpOSItlon or pressure-temperature phase diagram gathers

and molecular structure in liquid crystdlL.C) materials more than thfee of these mulncntlcal points.

. We describe an experimentally obtained temperature-
[6-8]. The result was a success since these phases ‘(TG%omposition phase diagram analogous to a theoretical one
and TGR:) _hav_e been. found in various ch|ral SySt‘?mspredicted by the Renn and Lubensky model.
[9-13 and in binary mixtures for some liquid crystalline
systems based on the same nonchiral smectogenic matrix and
different chiral dopant§14,15. In binary mixtures, the be- Il. CHOICE OF COMPOUNDS

havior of pure components represents only the behavior of | the present work, we use several terms of the homolo-
the system at the two extremes of the composition intervalgoys series with chiral molecules: 3-fluord«®) or (S) -

With different compositions, a large number of other phasemethylheptyloxy -4’-(4”- alkoxy- 2’,3'-difluorobenzoyl-
transitions may occur owing to the interaction of unlike or

like molecules. In many cases, mixtures have properties or J
exhibit phenomena which are rarely present in pure compo-

nent systems. For instance, the observation of a novel twist

inversion in a chiral nematic phagé&6] and the reentrant

TGB, phasd17] have been obtained in a binary liquid crys-

talline mixture. Moreover, in temperature-composition phase

diagrams, some phases can appear or disappear; such behav-

ior leads to triple and/or multicritical pointsl8—26¢. For

twist grain boundary phases, in 1992, Rddn calculated

three phase diagrams exhibiting the TGB phases in which

FIG. 1. Theoretical phase diagram predicted by Renn and
Lubensky. Dashed lines and full lines correspond, respectively, to
* Author to whom correspondence should be addressed. Electronfirst order phase transitions and second order phase transities.
address: ismaili@Lip5rx.univ-lillel.fr produced from Ref[4].)
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. PHOTOTHERMAL METHOD
FIG. 2. Plots of the transition temperatures of i eBTFO,M, AND SETUP DESCRIPTION
compounds against, the number of carbon atoms of the aliphatic ) ) ] )
chain. A schematic drawing of the experimental setup is shown

in Fig. 4 and briefly described belova 5 mW HeNe laser
) beam crosses LC cell and is detected by a photodiode. Ro-
oxy) tolans (1F,BTFO;M+ for shorp whose chemical for-  iaiing polarizer and analyzer can be added to the setup when
mula is[6] necessary. The cell is built with two microscope slides
coated to achieve a homogeneous alignment of LC. The two
F F ' plates are stuck with glue to achieve a constant thickness
N cell. The thickness of the empty cell is determined by inter-
““*‘2)"0@ C°°"©‘CEC‘©§7O_|CH — @ ferometry. All cells used in our experiments have thickness
CHs between 9 and 15%uwm with an accuracy of 1um. The
empty cell is then sandwiched between two aluminum plates,
The n=9 term has the following phase sequencesbored for light crossing and hermetically sealed with spe-
SmC*-SmA-TGB,—N*-BP-I and the n=16, cially selected glass. Each aluminum plate is connected to
SM-C* —_N* —_BP—I. Phases identification and transition tem-tWO resistors to achieve homogeneous temperature in the

peratures, at atmospheric pressure, have been determined I. These resistors are related to a temperature controller

both thermal microscopy and differential scanning calorim-W ich is connected to a thermocouple. So the sample can be

etry (DSO) [6]. This series has also been studied using hlgme?tgdw"i"tthco?ﬁt?m heat|rllg rr]atersﬂ?n(ijrrtlhe tfm;?ﬁtratfutrﬁ 'T mera
resolution calorimetry29] where more important quantity of sureda a thermocoupie near the patc paint of the lase
eam in the cell with an accuracy of 0.1°C. The LC cell is
samples and much smaller scan rates were used. The ob- . . :
. : . illed in the isotropic phase and cooled slowly to the &H-
tained results show the existence of two distinct TGB me-

mesophase in order to achieve good orientation of the
sophases (TGBand TGE) and the appearance of short sample. Then the transmitted light intensifjLI) through

range TGB order in the cholesteric mesophéstgral line  he sample cell is detected against the temperature. TLI mea-
liquid notedN(). In the (T-n) phase diagram shown in Fig. surements versus temperature are recorded when heating and
2, n represents the number of carbon atoms in the aliphatigooling at different scan rates. For all results given in the
chain. The transition lines which correspond to crystallinepresent paper the lightening conditions are as follows.
phase(Cry), blue phaséBP), and the one between the two (@) The polarizer direction is fixed in the horizontal direc-
TGB: mesophases and the chiral line liquid have not beetion and the analyzer is set to have a maximum of the TLI at
considered. One can note that the systematic variation dhe beginning of each experiment. The light beam is perpen-
aliphatic chain length considerably influences the thermaflicular to the LC cell. The experimental TLI are given in
stability of the whole phases. The stability domainof 1GB.
phase is very narrow. The phase sequences under atmo- Liquid crystal
spheric pressure of homologous series can be presented in ' el
the Renn and Lubensky diagram by straight lines as shown | ,
in Fig. 3 forn=9 andn=16 compounds. Each straight line Laser |—s : /N :D

. ) . . N A
appears as defined in our previous wp2k] as axis of tem- Bolatier) u ! Analyzer Detector
perature. Its positive direction is defined by the transition ; :
from an ordered phase to a disordered one. The straight line Semmemesmnosnenmes :
perpendicular to the temperature axis definesitbeX (con- l
centration or compositigraxis. We intend to show that the Temperature
part of diagram between the straight linesrof9 andn controller
=16 is the [T-X) phase diagram of binary mixture for these
compounds. FIG. 4. Experimental setup for photothermal measurements.

Computer
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FIG. 5. Transmitted light intensity for pure compourrd

FIG. 6. Helical pitch variations according to temperature for the
pure compounch=9. The transition temperature between TGB

andN* corresponds to a change of the inverse of the pitch slope.

plicated at first sight. For the S¥-mesophase, the TLI de-

arbitrary units and the temperature in centigrade degrees.
b) Among the whole experiments, only those correspond . R
®) 9 P y P grease is related to the birefringence fall versus temperature
n the vicinity of the transition. At the SMA—TGB, transi-

ing to a heating rate of 1 °C/min are presented. This choic

allows comparisons between TLI measurements through dif: . ; .
ferents samples. tion, the helical pitch and the block thickness are very large.

The heating rates used in our experiments are much fadNen the TGR mesophase appears, the size of the slab

than the high resolution calorimetry ra . So the chiral width.and the h_elical pitch tend toyvards finite valu.es. The
line liquid ,\?* has not been observ)e/ﬁﬁga[@] resulting abrupt increase of the TLI in the T Bhase is the
L .

signature of the drastic variation of the helical pitch. Near its
maximum, at 99 °C, the TLI falls quickly again. This behav-
IV. RESULTS AND DISCUSSION ior is ascribed to the well-known selective reflection of the

Our results are sorted out in accordance with the observel@Ser beamX=632.8 nm). Indeed, from helical pitch mea-
phase sequences. The most representative TLI are given firementsFig. 6 on the pure compound, the selective re-

growing order of the mass percentaggd) of the pure com- flection occurs fop~0.42 um nearby the TGR-N* tran-
pound 1=16) in the mixture. sition. In the N mesophase, a smooth decrease of the TLI is

detected followed by a flat part. One can notice that the
behavior of the TLI in the TGB and N is similar to the
rotatory power variations as a function of the inverse of the
The pure compound=9 (X;=0%) exhibits the well wavelength or helical pitch30]. Just before the last transi-
identified[31] Cry—SmC* —-SmA-TGB,—N*-BP—I phase tion N*-I, the TLI shows a small anomaly in the narrow
sequence. A planar alignment is achieved with usual rubbingnterval of temperature that is consistent with the existence
technique. For TLI versus temperature variations, the rubef the blue phaséBP) in this pure compound. The BP and
bing direction of the LC cell is set parallel to the polarizer Cry phases and related transitions will not be discussed, at-
direction. Figure 5 shows the TLI data from SBf- phase to  tention being focused on phase transitions involved in the
isotropic one. At first sight, one can note there is a compleXRenn and Lubensky phase diagram.
behavior observed within the temperature range where tran- To avoid problems of interpretation related to the selec-
sitions occur. Comparison with the known phase sequencive reflection of the laser beam, all the following measure-
leads to an easy identification of the whole mesophases aments are performed in homeotropic orientation. Optical mi-
the recorded curve. When considering that far from the traneroscopy observations reveal for the mixtub& {=10.3%)
sition temperatures the TLI is constant for each mesophaséhe following phases sequence: SH—SmA-—
the transitions are then characterized by jumps in the TLTGB,—N*—I. However, the TGB-N* transition is not
curve except for SnG* —SmA transition. That transition is clearly observed but looks continuous. The TLI variations
characterized by a slight increase of the TLI in the 8- versus temperature for this mixture are given in Fig. 7. In the
near the transition temperature and the TLI becomes asm-C*, because of the alignment and the structure of this
proximately constant in the Si-mesophase. Notice that, mesophase, the wave at the exit side of the LC cell is ellip-
for optical microscopy studies, it is useful to realize atically polarized. Only a part of this wave is transmitted
pseudohomeotropic flat drop rather than a cell with planathrough the analyzer. Approaching the transition tempera-
alignment. This remark points out the sensitivity of the TLI ture, from SmC*, the tilt angle decreases and falls to zero in
method. In the vicinity of the SM—TGB, firstly and  Sm-A phase. The sample is no more birefringent and the TLI
TGB,—N* afterwards the situation seems to be more comthrough the analyzer increaséSg. 7). In this mixture, the

A. SM-C* —Sm-A-TGBA—N* -1 (X15=0% and X = 10.3%)
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FIG. 7. Transmitted light intensity versus temperature for the FIG. 8. Transmitted light intensity versus temperature for the
mixture ofn=9 andn=16 (X;5=10.3%). mixture ofn=9 andn=16 compounds X;=28.3%).

domain of existence of the Sh-mesophase becomes nar- phase the well-known fingerprint one obtained for homeotro-
rower than in the pure compound=9. The SmA-TGB,  pic boundary conditiong32]. For the present mixture, there
transition is shown by an abrupt variation of the TLI. How- are less filaments in the TGBhase than in the TGBphase
ever, instead of the behavior shown in Fig. 5, the TLI de-of the above studied mixture. So the TLI exhibits the behav-
creases rapidly to reach a minimum and remains roughlyor described by Fig. 8.

constant in TGR mesophase. These intensity variations are  The domain of existence of this phase becomes narrow
closely related to helical pitch variations because theyand will disappear for higher compositioXsg of the mix-
change in the same way with temperature. Indeed, theure. This shrinkage of the TGBdomain is confirmed by
sample takes on quickly a twisted structure with its screwTL| variations obtained foX;¢=33.2% (Fig. 9). Like in the
axis in the plane of the cell. For such diffusive texture theformer case, the TLI is weak in the*Nmesophase and the
TLI is nearly constant. There is no more decrease of TLIN* —| transition is expressed by a strong increase of TLI.
corresponding to the selective reflection. In thie phase, the  |dentical behaviors versus temperature are obtained for mix-
twist axis is also parallel to the cell faces and the TLI is alsotyres up toX,g=44.2%.

nearly constant. Since the selective reflection is eliminated

by using the homeotropic orientation, the transition between ¢ sm.c* _TGB.—N*—I (X,=55.4% and X,5=73.7%)
TGB,—N* is marked by a change in intensity level that can , i
be ascribed to the pitch variations difference in T,G&hd On the TLI records of these mixturébig. 10, we ob-

N* mesophases. This pitch difference appears clearly whePeve & new behavior: the TLI increases when starting from
drawing 1p against temperatur@s shown in Fig. 6 As in

the above case, the last jump of the TLI signs the—-N
transition. Indeed both phases have no influence on the
propagation of polarized light but thermal fluctuations are (I P
more important in the S than in the isotropidl) phase.
So the TLI is a bit higher in the | phase than in the $m-
phase.

B. SMC*—TGBA—N*—| (X;6=28.3% and X ¢=33.2%)

Figure 8 shows the TLI variations for a mixture with
28.3% of the pure compoumu=16. First of all, this curve
reveals the disappearance of the B8nmesophase. The TLI
through the SnE* phase is a bit higher than through the
isotropic one, this is consistent with the analyzer arrange-
ment to have a maximum of the TLI at the beginning of the
experiment. The first visible fall of intensity occurs at the 0 +————r——r
Sm-C* -TGB, transition. As in previous experiments, the 90 95 100 105 110 115 120
TLI exhibits an abrupt decrease. The TGBN* transition T (°C)
can now be felt in a decrease of the TLI while previously it
was an increase. Optical microscopy observations show that FIG. 9. Transmitted light intensity according to temperature for
the TGB, phase exhibits the filament texture and th& N the mixture ofn=9 andn=16 compoundsX,c=33.2%).

I (Arb. Units)
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FIG. 12. Transmitted light intensity versus temperature for the
FIG. 10. Transmitted intensity versus temperature for the mix-mixture ofn=9 andn=16 compoundsXs=83.56%).
ture ofn=9 andn=16 compoundsX;=55.2%).

the N* mesophase, the TLI is slightly higher than in the

the SmC* phase, then decreases quickly. This behavior wagGB one. The two mesophases are separated by a weak and
observed with the pure compoune-11 of the same chemi- wide peak. This peak is related to the helical pitch disconti-
cal series, it corresponds to the Si—TGB. transition. nuity at the TGB—N* transition temperature as observed
The texture of then=11 TGB; mesophase has been well with the pure compound=12. As in previous mixtures, the
identified with optical microscopy observatiofi83]. The  N*—| transition turns up by an important increase of the TLI.
corresponding TLI variations with temperature at thewhen increasing the compositionX{z=73.7%), similar
Sm-C* —~TGB transition are given in Fig. 11. variations of the TLI versus temperature are recorded with a

In the TGE: mesophase, as in the T@®ne, the TLI oy TLI magnitude in the SnG* phase and the shrinkage of
decreases abruptly and this is consistent with the helicghe domain of existence the TGB This mesophase will
pitch variations versus temperature. In the 6M-me-  \anish for higher compositions.
sophase, towards the transition, the TLI increase can be ex-
plained by a decrease of the helical pitch. This behavior of
the helical pitch, versus temperature, exists in the pure com- A. Sm-C*—N*—1 (X6=83.6% and X g=100%)
poundn=11[33]. Again the twist axis of the TGBphase is
in the cell plane and the TLI becomes nearly constant when At high compositions im=16 compoundmixtures with
the TGR; texture is well organized. Finally the phase se-Xi¢ higher than 83.6%), only Sf&8* and N* mesophases
quence of the present mixture is SBi—TGB.—N*—I. In  exist(Fig. 12. The TLI values in the SnG* and isotropic
phases are of the same magnitude and stronger than in the
N* mesophase. In the™\ the TLI is approximately constant
for the pure compound and evolves with temperature for the
mixture X,=83.6%. This means that the helical pitch varia-
tions versus temperature are weaker in pure compound than
in mixtures. As a remark on the accuracy of the method,

1.2

B os - notice that the transition temperatures of the pure compound,
;'g are consistent with those determined by DSC elsewf&ie

S

2 V. PHASE DIAGRAM AND DISCUSSION

N’

— 04 -

The above results obtained with various mixtures enable
to draw the composition-temperature phase diagf&ig.
13) between two compounds characterized by the following
phase sequences SoF-—SmMA-TGB,—N* and
A Sm-C*—N*. It is interesting now to discuss this diagram in
94 98 102 106 110 114 more details.
T (°C) The first three mixturesX;6=0, 10.3, and 19.3 %ex-
hibit, as illustrated in the phase diagram, the
FIG. 11. Transmitted light intensity versus temperature for theSm-C* —SmA-TGB,—N* phase sequence. As one can see,
pure compounch=11. both domains of TGB and SmA mesophases decrease
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FIG. 13. Temperature-compositiolf ,(X) phase diagram of the
binary systems 9/ BTFO,M; and 16EBTFO;M,. Here X,¢ indi-
cates the mass percentage of the pure compounsBI&FO; M in
the mixture. The different phases are isotrofjc cholesteriqN*),
twist grain boundary phases (TGBnd TGR:), smectic A (SmA)
and smecticC* (Sm-C*).

when increasing the compositio;s. Note also that the
Sm-A domain decreases faster than the T.GBe.

The SmC* —-TGB,—N* phase sequence appears Xqg
=28.3, 33.2, and 44.2 % mixtures. The $mmesophase
disappears betweefys=19.3 and 28.3 % mixtures. This dis-
appearance corresponds to the existence of
Sm-C* —-SmA-TGB, multicritical point. It represents the
intersection of the Sn&*-SmA, SmA-TGB,, and

ISAERT, AND NGUYEN PRE 61

play the SmE* —N* phase sequence. The further important

fact here is the absence of the TeBiesophase. Its disap-
pearance by increasing thgg composition requires the ex-
istence of a SnE* —TGB:—N* multicritical point between
X16=73.7% andX;g=83.6% compositions. This point de-
noted CEP represents the intersection of Si-TGB,
Sm-C* —N* and TGB.—N* phase boundaries.

We now turn our attention to discuss the connection be-
tween the T-X), (T-n), and (,-C,) phase diagrams. We
can note that theT-X) and (T-n) phase diagrams have the
same basic topology. So they are similar, which means that
the same phases are present and relationships between them
are the same. We could even argue that these two diagrams
are not only qualitatively but also quantitatively similar in-
asmuch as they differ simply by the scale factor relating the
carbon numbetn) to composition(X) changes. Concerning
the theoretical diagranr (-C,), it is qualitatively similar to
the (T-X) experimental one inasmuch as each diagram could
be deduced from another one by appropriate rotation and
translation of the phase diagram ax@sg. 3 . Thus, we
would conclude that thel(-X) and (T-n) phase diagrams are
the analogs of ther(-C, ) theoretical one predicted by Renn
and Lubensky’s model. To sum up, by using a homologous
series exhibiting the following phase sequences versus the
aliphatic chain lengths: Sm@* -SmA-N*, SmC*-
SMA-TGB,—N*, SmMA-TGB,—N*, SmC*-TGB:—
TGBA—N*, SmC*-TGB:—N* and TGB.—N*, the mix-
ture of two compounds which display the first and last phase
gequences will lead to argX) phase diagram with the five
multicritical points of the model.

Sm-C* -TGB, phase boundaries and is denoted B2 in the

Renn and Lubensky theoretical phase diagram. Even if it

seems that the TGBdomain remains constant, the TLI

curves confirm that it diminishes more and more as the com-

position rises.
The mixtures X.=55.4, 67, and 73.7% exhibit
Sm-C* —-TGB.—N* phase sequences. The T&Biesophase

VI. CONCLUSION

Transmitted light intensity measurements versus tempera-
ture have been performed on mixtures betwaer® andn

=16 terms of the homologous series of chiral liquid crystals
nF,BTFO;M5. The TLI records enable us to characterize the

has appeared in binary mixture even though neither Compdghase sequences of the mixtures. For these experiments it is
nent shows this mesophase. On the other hand, theATGEpetter to adopt the homeotropic orientation of the sample in
mesophase has completely disappeared by increasing tpeder to overcome interpretation problems related to the se-
composition. That is to say a TGBTGB transition line lective reflection. This photothermal technique allowed us to
has to exist in the diagram somewhere between 44.2 arf@faw quickly the temperature-composition phase diagram of
55.4 % values of thé;s composition. This line must inter- the two compounds. The experimental phase diagram shows

sect the SME*-TGB, line and the TGR—N* one. Conse-

the disappearance of S&-and TGB, mesophases and the

guently, this induces the existence of two multicritical appearance of a TGB one. Four multicritical points

points. One of them, where the three phase boundarieSm-C* —-SmA-TGB,,

SM-C*-TGB:, SmC*-TGB,, and TGB.—TGB, meet, is
the SmE* -TGB.-TGB, point denoted B3 by Renn and
Lubensky. The other point TGB-TGB,—N* denoted L is
the only common intersection point of the TeBTGB,,

SMC*-TGB:—TGB,, TGB¢—
TGB,—N*, Sm-C*-TGB:—-N*, noted, respectively, B2,
B3, L, and CEP have been put in evidence together. The
obtained experimental phase diagram is the analog of a the-
oretical one predicted by Renn and Lubensky’s model.

TGB:—N*, and TGB,—N* phase boundaries. As shown in

the experimental phase diagram, the B3 point must be on the

left of the L point, since the TGBmesophase would precede

the TGB, one as the temperature rises. It follows then that

between these two multicritical points, the phase sequence We would like to thank A. Deppie from the Laboratoire

Sm-C*—TGB.—TGB,—N* has to happen. de Modalitedu Fictionnel, ULCO, Dunckerque for her assis-
The last three mixturesX;s=83.6, 88.9, and 100 ¥dis-  tance.
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